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VARIABLE STARS IN THE GLOBULAR CLUSTER N.G.C. 
6402* 


By Heten B. Sawyer 


HIS paper is a preliminary report on the variables in this cluster, 

as the work of period determination is far from complete. The 
cluster N.G.C. 6402 (Messier 14) lies in the constellation of Ophiu- 
chus. The brightest stars are of the fifteenth magnitude, the cluster 
type variables of the sixteenth. The distance as determined in 1929 
from the bright stars and integrated magnitude and diameter was 
19.7 kiloparsecs. 

Before 1932 no variable stars were known in this cluster, but an 
intensive search of plates taken at the Dominion Astrophysical 
Observatory revealed the presence of seventy variables, one of which 
was an outstandingly bright star in the cluster, and several were 
brighter than average. Eighty-three plates are now available, 31 
from the Dominion Astrophysical Observatory, 48 from the David 
Dunlap, and 4 taken by Dr. Shapley at Mt. Wilson, and the variables 
have been estimated on all of these. However, the cluster is thickly 
populated with stars, and for fully half the variables only plates 
taken under exceptionally good seeing conditions can yield reliable 
estimates. It is expected therefore that to determine the periods of 
all the variables in the cluster will be an exceptionally difficult task, 
and will probably require the plates of several additional seasons. 

A dozen periods have been determined thus far. The importance 
of these lies primarily in the fact that three of these variables are 
long period Cepheids, with periods of 18.75, 13.57, and 2.7952 days. 
The only globular clusters which have as many long period Cepheids 


*Paper presented at the meeting of the American Astronomical Society, 
December, 1936. 
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are Omega Centauri and Messier 2, with five and four respectively. 
Three long period Cepheids lie in the region of N.G.C. 362, but these 
are accepted as members of the Small Magellanic Cloud. The three 
Cepheids in N.G.C. 6402 with mean magnitudes of 15.1, 15.6 and 
15.8 follow in general a period-luminosity relation, though the slope 
of the curve is not so steep as that shown by Shapley’s curve de- 
termined from more points. There is a possibility of some error in 
estimating the magnitudes of the brighter variables, as the plates 
were taken to show stars of magnitude 17.5, and the images of stars 
of the fifteenth magnitude are not best adapted to estimation on the 
reflector plates. Nevertheless it is difficult to see how the magnitudes 
of the brighter stars could be too faint by three-quarters of a magni- 
tude, the amount by which the thirteen-day and eighteen-day Cep- 
heids deviate from the curve. The sequence magnitudes were de- 
termined from six plates taken with a double exposure on the cluster 
and a standard magnitude region. One plate from the Dominion 
Astrophysical Observatory and two from the David Dunlap have 
Kapteyn Area 109 as comparison. Three taken by Dr. Shapley at 
Mt. Wilson have the north polar sequence. The magnitudes of the 
cluster sequence as determined from the different plates agree very 
well, despite a wide range in image texture due to different seeing 
conditions for the different plates. Apparently the discrepancy can- 
not be explained by an error in the period-length; submultiples of 
the accepted periods have been tried, and do not satisfy the points. 
The 83 observations are on 42 nights, and it is felt that the periods 
must be reasonably correct. Of course there is the possibility that 
these two Cepheids may not be connected with the cluster at all, but 
actually belong to the galactic system beyond the cluster. The chance 
of this occurring for two Cepheids in a twentieth of a square degree 
at galactic latitude +15° is not large, but it is not negligible. Until 
the investigation of this cluster is completed, we may say that quali- 
tatively these Cepheids show the period-luminosity relation, but 
quantitatively they do not meet it exactly. 

Nine periods have been determined for cluster type variables. 
They appear normal in all respects; the periods thus far determined 
range from 0.55 to 0.60 day. It is expected that practically all of 
the variables in this cluster will prove to be short-period Cepheids. 
There are several rather bright variables, however, which may be 
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the irregular type such as Baade has found in N.G.C. 2419. Few 
if any of the remaining variables, as judged from an inspection of 
the estimates, will prove to be long period Cepheids. 

There would appear to be considerable evidence that this cluster 
is very strongly obscured. It happens that the writer is working 
simultaneously on the variables in two globular clusters which pre- 
sent a study in contrasts. N.G.C. 6934 is a small cluster situated 
in the constellation of Delphinus, galactic longitude 20° and latitude 
-20°, a position 55° from the galactic center. The cluster is very 
rich in variables, for it contains fifty, all of them apparently cluster 
type. The diameter of N.G.C. 6402 is nearly twice that of N.G.C. 
6934. But the striking thing is that the cluster type variables are 
fainter in N.G.G. 6402 than in N.G.C. 6934. The mean magnitude 
of 46 cluster type variables in N.G.C. 6934 is 16.67; the mean magni- 
tude of 61 in N.G.C. 6402 is 16.85. Stebbins has found a rather red 
colour index for this latter cluster, +-0.12, practically equivalent to 
KO on his scale, whereas N.G.C. 6934 has a negative colour index 
of -0.04. If we make the assumptions that all globular clusters have 
the same linear diameter and the absolute magnitude of the cluster 
type variables is the same from cluster to cluster, both of which are 
reasonable working hypotheses, we can compute the absorption in 
the region of N.G.C. 6402 relative to that in the region of N.G.C. 
6934, and we find a difference in absorption between these two 
regions of one magnitude. The large absorption in the region of 
N.G.C. 6402, longitude 349°, latitude +14° would appear to be 
largely an effect of longtitude, since its latitude is similar to that of 
N.G.C. 6934 (-20°). This would appear to be an interesting ex- 
ample of the differences in absorption to be expected between differ- 
ent regions of the sky. This absorption of a magnitude would reduce 
the 1929 distance by a factor of a third to 12 kiloparsecs. However, 
the modulus as determined from my observations is 0.3 magnitude 
fainter than the earlier one. But Hubble’s cosecant law gives a 
value of the general absorption in the region of N.G.C. 6934 as 0.26 
magnitude, a general correction to be applied, which as it happens, 
about balances the revision of the modulus. We may therefore con- 
sider twelve kiloparsecs a fair estimate of the distance of the cluster 
based upon the foregoing assumptions. 


David Dunlap Observatory, 
December, 1936 


GAMMA CASSIOPEIAE 


By J. F. HEARD 


URING 1936 the familiar star, yCassiopeiae, came into some 

prominence owing to unprecedented variations in its brightness. 
Apparently P. Baize! was the first to notice an increase in brightness, 
on July 25, which amounted to three-tenths of a magnitude. Since 
then considerable variation, as much as half a magnitude and ap- 
parently of an irregular character, has been observed. 

Any changes in the spectrum of this star concurrent with the 
changes in its brightness will be of interest, as they may possibly 
lead to an interpretation of the variations in its light. 

Since December, 1935, a number of spectrograms of yCassiopeiae 
have been obtained at the David Dunlap Observatory, using the 
one-prism spectrograph fitted with the 25-inch camera lens which 
gives a dispersion of about 33 A/mm. at Hy. The spectrograms 
have been made on Eastman Process emulsion to give a high degree 
of contrast. Examination of these plates has revealed a number of 
interesting spectrum variations, some of which have already been 
reported by D. B. McLaughlin’, who has discussed certain changes 
which took place up till May, 1936. 

In 1935, Lockyer* announced the appearance of a strong absorp- 
tion line of He I at 438889. The appearance of this line was followed 
late in 1935 and early in 1936 by marked increase in intensity of 
other He I absorption lines. This absorption spectrum of He I 
increased in intensity until June. Since the beginning of 1936 the 
stronger of the He I lines have been accompanied by emission com- 
ponents on either side. From August until December the He I 
absorption spectrum has faded, while the He I emission components 
have been enhanced, so that on the plates taken in December the 
He I spectrum is essentially an emission spectrum. 

Along with this change the hydrogen spectrum and the ionized 
iron spectrum have exhibited changes. Normally, in the spectrum 
of yCassiopeiae, the H lines and Fe II lines have shown two emission 
components of approximately equal intensity with a doublet separ- 


1L’Astronomie, August, 1936. 
2Ap. J., v. 84, p. 235, 1936. 
3M.N., v. 96, p. 2, 1935. 
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ation of about 166 km./sec. Early in 1936 the separation of the 
components of both H and Fe II lines was about 200 km./sec., and 
the violet components were, generally speaking, somewhat fainter 
than the red. During the year there has been a general decrease 
in separation of the components of both H and Fe II lines accom- 
panied by a general increase of intensity of the violet components 
over the red. These changes have been more marked for H lines 
than for Fe II lines; in December the separation of the H lines was 
about 110 km./sec. and of the Fe II lines about 135 km./sec. 


The 1936 variations referred to in the two preceding paragraphs 
recall similar variations pointed out by the writer‘ for 1934. In the 
latter part of that year He I lines appeared strongly in emission and 
H and Fe II doublet separations decreased to 113 km./sec., but on 
that occasion the red components were much more intense than the 
violet, the relative intensities having reversed themselves since 1933. 

Plates taken-in November and December, 1936, show not only 
an enhancement of He I emission but also an enhancement of the 
emission spectrum generally, so that careful measurement of these 
plates has revealed lines not previously reported in the spectrum of 
yCassiopeiae. Among these the most interesting is Ca II 3933 
which has appeared both in absorption and emission with increasing 
intensity during 1936. 

A number of investigators of the spectrum of yCassiopeiae, 
notably Curtis, Lockyer, McLaughlin and Cleminshaw, have made 
reference to changes in the emission ratio (V/R, 7.e. violet: red) of 
the H lines, and conspicuous inequalities have been recorded (both 
V/R>1 and V/R<1) based mostly upon estimates of Hy and Hé. 
These authors have not, however, specifically drawn attention to 
outstanding differences of V/R from one line to another. The series 
of plates referred to in this note show the doublets of HB, Hy, Hé, He, 
and sometimes several more, all well resolved; these show very 
clearly a decided increase of V/R toward higher series members. 
Visual estimates are not sufficient to reveal whether or not the 
magnitude of this increase of V/R is variable, but it seems probable 
that itis. Furthermore, V/R seems not to be the same for all Fe II 
lines and certainly it is not the same for Fe II lines as for He I lines. 


4Ap. J., v. 81, p. 341, 1935. 
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These facts indicate that any interpretation of the emission doublets 
cannot be on an entirely mechanical basis. 

Certain fluctuations in emission and absorption velocities during 
1936 have been noted. It remains to be seen if these can be con- 
nected with fluctuations in light. 

More quantitative data concerning the points mentioned in this 


note are being obtained and these will be published from this ob- ; 
servatory. 


David Dunlap Observatory, 
January, 1937. 
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TELESCOPE MOUNTINGS FOR AMATEUR BUILDERS 
By H. Boyp BrRYDON 
(Continued from January issue) 


Drive mechanisms may be placed in four general classes depend- 
ing on the method of operation: 

1. Hand 

2. Gravity 

3. Clockwork 

4. Electric motor 

Classes 1 and 2 may be distinguished as intermittent drives and 
3 and 4 as continuous drives. Excepting the first, the classes are 
not distinct. Clockwork is frequently used to control the speed 
of a gravity drive; nearly all clockwork drives are controlled by an 
inertia or gravity governor and electric motor drives are controlled 
by hand, gravity, clockwork or electricity, singly or in combination. 


1. Hand Drives 

The simplest hand drive consists of a string passing round the 
main drive wheel and wound up on a small spool by hand. Other 
hand drives are 

(a) Tangent screw. 

(6) Worm wheel. 

The tangent screw (see the slow motions shown in Fig. 6), like 
its brother the worm is a long screw turning in fixed bearings. 
A nut, carried between jaws at the end of the tangent arm runs 
on this screw but as the nut is prevented from turning, it travels 
along the screw when that is turned and causes the tangent arm 
to rotate the sleeve on the polar axis. 

Though perhaps simpler than a worm wheel drive, the tangent 
screw has two disadvantages: 

1. The movement of the telescope is not constant for a given 
distance moved by the nut but decreases as the nut departs from 
the mid-position. 

2. When the nut reaches the end of its travel, observing must 
be interrupted to return the nut to the start, necessitating resetting 
the telescope in right ascension. This occurs at intervals which 
cannot be longer than 1% to 2 hours as the angle between the 
tangent arm and the screw becomes too small. Much of the force 
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of this objection can be removed by turning the nut to the beginning 
of its travel before starting a lengthy observation. It does not 
appreciably affect short observations, as in variable star work. 

The worm wheel drive avoids these inconveniences and, as it is 
but little more difficult to construct, a tangent screw main drive is 
hardly warranted. Moreover a hand driven worm drive can be 
easily changed over for mechanical operation. As a slow motion 
device, however, the tangent screw is very satisfactory and is 
frequently used for that purpose (see Fig. 6). 

As is well known, in the worm wheel drive, the long screw, the 
worm, engages in teeth cut across the edge of the worm wheel. 
Being held in fixed bearings, when the worm is rotated it drives 
the worm wheel around one tooth for each revolution it makes 
itself. The worm drive is the standard drive for all important 
telescopes. 


2. Gravity Drives 


In drives of this class, the prime mover is a weight suspended 
from a flexible metal cord or tape which passes around the main 
drive wheel as in the simple hand drive. The problem with these 
gravity drives is to control smoothly the extremely slow fall of the 
weight. With an 8-in. diameter main wheel, for example, the 
weight drops about one inch per hour. Several means have been 
used for control: a friction clamp on the cable or tape; supporting 
the weight on the rod of a piston in a cylinder containing oil, the 
escape of the oil from below the piston being controlled by a finely 
adjustable valve in a by-pass pipe between the two ends of the 
cylinder; by clockwork; and even by resting the weight on sand in 
a cylindrical container and controlling its fall by regulating the 
escape of the sand through a hole in the bottom of the cylinder. 
This device was actually used by Henry Draper."* The piston was 
a loose fit in a cylinder of 1%-in. diameter by 18-in. long. It was 
necessary to wash the sand thoroughly and heat it to redness to 
destroy all vegetable matter and dry it and then sift it to size 
the grains. 

The oil filled cylinder is a fairly satisfactory device. It has 
been used with great success at the Norman Lockyer Observatory 

Sci. Am. Supp. No. 1545. 
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at Sidmouth for widening spectrograms.'® Fig. 15 shows one form 
of this device. A flexible cable passes round the main drive wheel, 
thence over an idler pulley to an eye at the top end of the oil 
cylinder piston rod. The drive weight, sufficient to overcome the 
polar axis friction and develop a pressure of about 5 Ibs. per sq. in. 
in the oil cylinder, is carried on the rod. The piston has a cup 
leather packing. 


Fig. 15. Oil Cylindrical Control for Gravity Drive. 


16Apparatus for broadening Spectra, W. J. S. Lockyer, M.N., vol. 85, p. 47. 
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Where the moving parts are not too heavy, the clock controlled 
gravity drive is easily the best of the class. The idea, I believe, 
was first employed by F. J. Sellars, M.I. Mech.E. for driving a 
3-in. refractor.!7 As used by Mr. Sellars the first or spring wheel 
gear of the clock engaged a rack mounted on a rod from which the 
driving weight was hung. The upper end of the rod was connected 
to a bell crank lever the arms of which were proportioned to the 
diameters of the main drive wheel and the clock wheel. This 
arrangement is indicated in Fig. 16. 

Another way of using a clock to control the fall of the weights 
in a gravity drive is to pass a turn of the weight suspension cord 
around a pulley of suitable diameter mounted on an extension of 
the winding spindle of the clock, as indicated in Fig. 14. Ina 
common type of alarm clock the winding spindle rotates once in 
6 hours; thus the pulley diameter would be one quarter the diameter 
of the main drive wheel. The amount of drive weight is adjusted 
to be slightly greater than that needed to overcome the friction 
of the polar axis bearings, etc. It will be clear that the actual work 
of driving the telescope is done solely by the weight, the clock 
simply regulating its rate of fall, which can be further controlled 
by varying the position of the clock speed regulator. Recent tests 
by the writer indicate that for continuous runs of two to three hours 
a torque of 1.5 in.-lb. acting with or against the main spring (giving 
a range of 3 in.-lb.) is the maximum that can be applied safely 
for control purposes in this manner using a common 24 hr. ‘‘dollar 
alarm clock’’. 


Where the moving parts are too heavy to be controlled by a 
clock alone, possibly the combination of an oil cylinder as in Fig. 15 
with a clock for fine control might be found to be an adequate 
solution. 


If carefully made and applied to a well balanced mounting 
offering little friction, the clock controlled drive appears to give 
reasonably successful service in careful hands for all but the exacting 
work of long exposure photography. It must be admitted however 
that drives of the intermittent kind as have been described are 
more or less make-shifts whose chief justification is their low cost. 


171J,.B.A.A., April, 1930. See also Amateur Telescope Making, 4th ed., p. 275. 
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The well designed clock or electric motor drive is so much more 
accurate and convenient as to be well worth the additional trouble 
and expense involved. 


Fig. 16. Sellars Clock Control for Gravity Drive 


3. Clockwork Drives 


A typical form of clock for driving a telescope is shown in 
Fig. 17. It consists of a train of gears driven by a weight suspended 
from a cord wound on the barrel, but instead of an escapement, 
as in the ordinary timepiece, the speed is controlled by a fly-ball 
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governor. As the balls move outward when the speed increases, 
the upper ends of the governor arms are raised, pressing them 
against a friction plate whose vertical position is adjustable. Thus 
the motion is continuous instead of step by step as in the common 
clock. Motion is transmitted to the main worm on the telescope 
mounting by two pairs of bevel gears the lower pair being shown. 


Friction plate Adjusti 
justing Screw 


To Main Worm —- 


Winding Boner 


Fig. 17. Typical Driving Clock. 
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Worm wheel drives are generally preferable for such positions 
because of the liability to periodic error with bevel gears. 

The small sketch at the left lower corner of Fig. 17 shows a 
common method of reeving the weight cord to reduce the gear ratio 
in the drive and prolong the period between re-windings. 


4. Electric Motor Drives 


Three general types of electric motor are available for driving 


a telescope: 
Synchronous.......... squirrel cage rotor 
wound rotor 


All squirrel cage motors have a low starting torque. The wound 
rotor is far superior in this respect but is slightly more expensive. 


The speed of synchronous and induction motors depends upon 
the frequency of the supply current, usually 60 cycles per second 
throughout North America. The available speeds are high. 
Synchronous motors run at 3600, 1800, 1200 r.p.m.; induction 
motors at speeds which are a few per cent. lower than these ‘“‘syn- 
chronous”’ speeds, varying slightly with the size of motor and the 
load at which it is operating. Universal motors run at still higher 
speeds. They are made up to 1/3 H.P. to run at from 5000 to 
15000 r.p.m. Thus when driving an astronomical telescope the 
speed reduction required is of the order of some millions to one, 
but these great reductions are easily obtained by using worm 
reduction gears. 

All these motors are available with self starting devices built 
into them and are designed not to interfere with radio reception. 

Except for the very small motors used in electric clocks, etc., 
the synchronous motor must be supplied with direct current for 
field excitation. Apart from this, the use of a synchronous motor 
to drive a telescope is of questionable advantage as its speed under 
' all conditions is the speed of the power supply. If the power 
station runs exactly at a frequency of 60 cycles per second of civil 
time, so will the synchronous motor. If the power station frequency, 
: as it easily may, varies for short periods by a cycle or so up or 
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down, so also will the speed of the motor.!® As these departures from 
standard frequency usually will not exceed a temporary loss or gain 
of over a minute or two and will balance out in the course of a 
few hours the synchronous motor fulfils the requirements of ordinary 
time keeping but by itself it cannot be depended upon to hold a 
telescope exactly on a star. Even when the necessary gearing is 
introduced to correct for the difference of about ten seconds per 
hour between civil and sidereal time and in regions where frequency 
is continuously and precisely controlled some means for adjusting 
the movement of the telescope will be found as necessary or at least 
as desirable as when an ordinary induction motor is used. Under 
a given load there is in fact little or no difference in constancy of 
speed between the two motors, while the induction motor has the 
important advantage that its speed can be maintained constant 
notwithstanding slight changes in the frequency of the supply 
current by using a pendulum speed control as in the Gerrish drive. 
The advantage then seems rather to lie with the induction motor 
in this respect. 

The universal type of motor commonly used for sewing machines 
and other domestic appliances is a series wound motor with similar 
characteristics to the direct current series motor, high starting 
torque and rather wide speed variation from no load to full load. 
With a reasonably constant load, however, the speed of these 
motors can be varied over a wide range by inserting resistance in 
the field or armature or both circuits. Details of these matters 
are out of place here; but enough has been said to indicate the 
desirability of consulting the supply company’s engineers before 
deciding upon the motor to be used. 

No matter what drive is used, ‘‘for exposures of more than a 
few minutes in length the telescope cannot be trusted to follow 
the stars perfectly, owing to changes in the refraction and to the 
inevitable small outstanding errors of adjustment and it is necessary 
to guide by hand”’.” 

An electric drive lends itself more easily to refined methods of 
control than those previously discussed, for which the simple hand 


18Of course in most of the larger electric supply systems such variations of 
speed are rare. 
19Russell, Dugan and Stewart, “Astronomy”, p. 54. 
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operated slow motions are most convenient. The method adopted 
depends upon the motor. For a synchronous motor, some sort 
of differential gearing and a second motor must be used; a resistance 
control will serve for the universal motor but for this and the 
induction type, some form of clock control is the best. 

Perhaps the most satisfactory of these is that due to Gerrish 
of Harvard College Observatory. It is simple and has completely 
stood the test of the exacting work of celestial photography, while 
such modifications as are desirable to accomplish particular results 
can be made without difficulty. 


2 Timer 
[ 
} Motor 
endulum Flywheel 
of d 
Gidereal Han 
Clock Control 
Circus 
R 
3 4 B 


T Portable Control Box UMS, = 


Fig. 18. Circuit of Gerrish Speed Control. 


Excluding the circuits marked “hand control’, Fig. 18 is a 
schematic arrangement of this drive. The extended shaft of the 
main driving motor carries a heavy flywheel and a worm reduction 
gear driving a timing cam which runs at 60 r.p.m. when the motor 
is at the selected speed, usually about 10 per cent. below its rated 
speed. The timing cam operates a switch no. 2 which controls the 
circuit of the magnet 4. When energized, this magnet overcomes 
the pull of the spring S and closes switches 3 and 4. Switch 3 
shunts the contact maker 1, so keeping the magnet circuit closed 
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while the contact maker 1 is open. Switch 4 closes the power 
circuit and allows the motor to start. 

Assume the non-existence of the hand control circuits, the motor 
at rest and all switches open except no. 2. On closing the two 
main circuit switches A and B the swinging pendulum closes the 
contact 1, permitting the 9-volt current to flow via switch 2 and 
energize the magnet M which closes switches 3 and 4. The motor 
starts, gaining speed until the motion of the timing cam opens 
switch 2; the magnet M releases its armature and the spring S 
pulls open switches 3 and 4.”° 

As the timing cam runs on under the action of the flywheel, 
it recloses 2. The pendulum in its swing recloses the contact 1 
and this series of events repeats so long as the motor runs, energy 
being supplied to it for a fraction of each second. 

Should the speed drop, switch 2 stays closed for longer periods 
bringing the motor up to speed again, and vice versa. As no 
current can flow in the power circuit until the pendulum by closing 
contact 1 causes the magnet to reclose switches 3 and 4, the speed 
of the motor is at all times under the control of the sidereal clock. 

The principal modification of the Gerrish drive-is the use of an 
additional motor and differential gearing to permit of operating 
the R.A. slow motion by push button control while at the eyepiece. 

Fig. 19 illustrates this modification. This figure and the follow- 
ing description is taken, with his kind consent, from Dr. R. K. 
Young’s article on building a 19-in. telescope already mentioned, 
(see 3 above): 


The main driving motor turns the worm gear A, Fig. 19, at 1725 revolutions 
per minute when running at its normal rate. This gear engages with the timer 
wheel, as shown in the diagram, which interrupts the current fed to the motor 
and keeps the timer wheel running at sixty revolutions per minute, thus reducing 
the motor speed to 1600. The current is flowing for about 0.60 to 0.75 of a 
second and the balance wheel carries on for the rest of the second. . . . 

The driving motor communicates through a differential train of gears to the 
driving shaft. The normal rate of rotation of the driving shaft is ten revolutions 
per minute when the differential gear is held; and in order to provide slow motion 
and guiding motion in right ascension I introduced a second motor to operate 
the differential gear. The second motor makes 1200 revolutions per minute 


2°In some arrangements a resistance R is placed permanently across the 
contacts of switch 4. The effect is to prevent the speed of the motor dropping 
too greatly when the switch is opened and also to reduce sparking at its contacts. 
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and when running it adds or subtracts from the rate of rotation of the driving 
shaft according to the direction of its rotation. When running at full speed and 
subtracting its rate from the clock drive, the driving shaft has a slow rotation 
forward and when running at full speed in the opposite direction the driving 
shaft turns at nearly double its normal rate. The same hand switch which 
operates the declination slow motion operates this motor also, so that the observer, 
by pressing the suitable button, controls the telescope in right ascension and in 
declination. A sharp tap on the right ascension button can make the telescope 
move as small an amount as one-hundredth of a second of time. 

Let us return now to the hand control circuits shown in Fig. 18. 
If the drive motor be of the wound rotor type, it can be reversed 
by reversing the connections between the armature and _ field 
windings. In some motors convenient means are provided for 
doing this, in others the ends of the field windings and the con- 
nections from the collector rings must be brought out from the 
motor to a special terminal board. By arranging a circuit such 
as shown at C, Fig. 18, between this board and a portable double 
pole two way switch, marked 5, these changes may be made and 
the rotation of the motor reversed from a distance. 

Next, it will be noted that switch 6 in the circuit marked D 
| short-circuits switches 1 and 2, preventing the magnet circuit from 
opening and releasing switch 4. While 6 is closed the supply of 
current is continuous and the motor will speed up to its normal 
rated speed. Switch 7, on the other hand, by short-circuiting the 
magnet M, prevents it from closing switch 4. When 7 is held 
closed the motor will slow down and finally come to rest. Switches 
6 and 7 may be of the push button type and together with 5 may 
be arranged in a portable control box which may be carried or 
placed near the hand while at the eyepiece. 

This arrangement will not prove as flexible as the differential 
gearing and two motor method of Fig. 19, but it will be found quite 
satisfactory in most cases and its cost is much less. The reversing 
switch 5 cannot be applied to a universal motor. The brushes in 
these motors are given a large ‘‘lead”’ from the neutral position to 
ensure sparkless commutation. If the connections were reversed 
in the manner described above they would be quite wrongly placed 
for successful operation. 

To prevent interference with radio reception all contacts and 
switches in this device must be provided with adequate filters. 

Mr. F. J. Hargreaves, F.R:A.S., for some time chairman of th. 
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Instrument Section of the British Astronomical Association, has 
devoted much attention to devising inexpensive methods for pro- 
viding guiding control for a telescope driven by a clock-controlled 
motor as in the Gerrish drive. In one of these, shown diagram- 
matically in Fig. 20,74 a light cork tipped brake B, carried on the 
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Fig. 19. Section through Electric Clock Gearing. 
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Fig. 20. Hargreaves’ Brake Control. 
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armature A of the magnet M, is pressed against the flywheel F 
by the spring S. The armature also carries a switch contact 3 
as in Fig. 18. When the magnet is energized, the brake B is 
released and contact 3 closed and held closed by the magnet until 
the timer cam T on the flywheel shaft opens switch 2. From that 
point the action is the same as in Fig. 18. 

Another and perhaps more convenient device, also due to 
Hargreaves, is the reversible drive for the slow motion of a differ- 
ential gear, shown in Fig. 21. 


PLAN 
ELEVATION Fig. 21. Hargreaves’ Reversing Control 


To the turntable spindle S of a (synchronous) electric motor 
of a gramophone, a rubber tired wheel W is connected through a 
thin flexible shaft F. A spindle B carries two discs D, D, and 
electromagnets M, M attract an armature A one way or the other 
to bring W in contact with either disc. A sprocket wheel C drives 
the slow motion shaft of the differential through a light chain. 
Mr. Hargreaves in a letter says: 

This arrangement works perfectly. I can control the image instantly to 
0”.5 or less. During the two years that it has been used it has run itself in and 
slowly improved in operation. I take photographs of comets, etc., with cameras 
of 20-in. focal length and find I can leave the telescope driving for an hour at a 
time, when the pendulum is of the right length. The pendulum however requires 
adjustment every month or so. 


"This figure is adapted from the original illustration which appears in 
J.B.A.A., vol. 41, p. 112. 


(To be continued) 
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THE PHYSICAL STATE OF THE UPPER ATMOSPHERE 


By B. Haurwitz 
(Concluded from January issue, page 42) 
X. THE COMPOSITION AND STRUCTURE OF THE ATMOSPHERE 


In the preceding chapters various phenomena occurring in the 
high atmosphere were discussed. There remains only to combine 
this information into a picture of the composition and structure 
of the atmosphere. 

At the surface the air is mainly a mixture of nitrogen, argon, 
oxygen and carbon dioxide. Water vapour is also present. It is, 
however, rather unique in that its amount varies considerably with 
time and location while the other components occur in almost 
constant percentages. This difference is due to the fact that, at 
the temperatures and pressures occurring on the earth, water can 
exist as solid, liquid and gas. Hydrogen, krypton, xenon, helium 
and neon have been found in atmospheric air in very small quan- 
tities. The following Table VII gives the composition of the air at 


TaBLeE VII. Composition of the air near the surface, after Chapman and Milne 


Gas Nz | O2 | Ar CO, H,| Ne He Xe |Kr 


Percentage by weight .|75.5/23.2| 1.3/.046 to .4| ? |.00086).000056) .005 .|.028 


Molecular weight..... 28 .0/32.0/39.9} 44.0 |2.0| 20.2 | 4.0 {130.2/82.9 


the earth’s surface, after Chapman and Milne". Of course, these 
figures are not invariable, but they give a sufficiently accurate 
picture of the composition of the air. To give a clearer idea the 
molecular weights of the different gases have been added. Water 
vapour has not been included on account of its marked variability. 
Carbon dioxide likewise varies in amount since it depends on 
processes at the earth’s surface. It has not yet been decided 
definitely whether or not hydrogen is really present in the atmos- 
phere. The small amounts of hydrogen found in the atmosphere 
may simply be impurities which unite with oxygen. Therefore, no 
value for hydrogen has been given in Table VII. Another reason 
for the assumption that free hydrogen does not exist in the upper 
atmosphere was given by J. Kaplan'*. In his experimental re- 
productions of the spectrum of the aurora and the light of the night 
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sky he found that hydrogen prevents the appearance of the after- 
glow with the auroral spectrum when it is present in a discharge 
tube containing nitrogen and when the discharge is uncondensed. 

The apparent absence of hydrogen from the earth’s atmosphere 
raises the question as to whether gases can escape into space or 
not. The critical velocity co which enables a particle at the surface 
of a celestial body of radius a and gravitational acceleration g to 
overcome its attraction is given by 


The velocity co is that which this particle would obtain if it fell 
upon the body from infinity. For our earth this critical velocity 
is 11 km./sec. The Maxwell-Boltzmann law for the velocity dis- 
tribution of gas molecules shows that there are always molecules 
present in the atmosphere having the critical and higher velocities. 
J. H. Jeans"? has computed how large the mean velocity c of the 
molecules must be in order that an isothermal atmosphere can be 
lost into space within a certain time. Table VIII gives a portion of 
his results. 


TABLE VIII. Molecular velocities required to dissipate the atmosphere into 
space, after Jeans 


Time Sun | Mercury | Earth Moon 
years km/sec. | km/sec. | km/sec. km/sec. 
| | 
10° 140 1.3 | 2.6 54 
| | | 
| 
10° 130 9 | 23 48 


These figures should be compared with the mean molecular vel- 
ocities as given in Table IX. The sun can evidently retain its at- 
mosphere. The moon on the other hand must have lost its atmos- 
phere in a relatively short time, which agrees with astronomical 
evidence. In the atmosphere of the earth a mean molecular 
velocity of 2.6 km/sec. is required if a gas should dissipate com- 
pletely into space within a million years. Hydrogen reaches such 
a velocity at temperatures somewhat higher than 500°K. which 
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figures are not invariable, but they give a sufficiently accurate 
picture of the composition of the air. To give a clearer idea the 
molecular weights of the different gases have been added. Water 
vapour has not been included on account of its marked variability. 
Carbon dioxide likewise varies in amount since it depends on 
processes at the earth’s surface. It has not yet been decided 
definitely whether or not hydrogen is really present in the atmos- 
phere. The small amounts of hydrogen found in the atmosphere 
may simply be impurities which unite with oxygen. Therefore, no 
value for hydrogen has been given in Table VII. Another reason 
for the assumption that free hydrogen does not exist in the upper 
atmosphere was given by J. Kaplan'*. In his experimental re- 
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sky he found that hydrogen prevents the appearance of the after- 
glow with the auroral spectrum when it is present in a discharge 
tube containing nitrogen and when the discharge is uncondensed. 

The apparent absence of hydrogen from the earth’s atmosphere 
raises the question as to whether gases can escape into space or 
not. The critical velocity co which enables a particle at the surface 
of a celestial body of radius a and gravitational acceleration g to 


‘overcome its attraction is given by 


The velocity ¢o is that which this particle would obtain if it fell 
upon the body from infinity. For our earth this critical velocity 
is 11 km./sec. The Maxwell-Boltzmann law for the velocity dis- 
tribution of gas molecules shows that there are always molecules 
present in the atmosphere having the critical and higher velocities. 
J. H. Jeans"? has computed how large the mean velocity c of the 
molecules must be in order that an isothermal atmosphere can be 
lost into space within a certain time. Table VIII gives a portion of 
his results. 


TaBLe VIII. Molecular velocities required to dissipate the atmosphere into 
space, after Jeans 


| 


Time | Sun Mercury | Earth Moon 
years | km/sec. km/sec. km/sec. km a. 
10° | 160 | 2.9 61 
10° | 140 | 1.1 2.6 “~ 


These figures should be compared with the mean molecular vel- 
ocities as given in Table IX. The sun can evidently retain its at- 
mosphere. The moon on the other hand must have lost its atmos- 
phere in a relatively short time, which agrees with astronomical 
evidence. In the atmosphere of the earth a mean molecular 
velocity of 2.6 km/sec. is required if a gas should dissipate com- 
pletely into space within a million years. Hydrogen reaches such 
a velocity at temperatures somewhat higher than 500°K. which 
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heavy gases krypton, carbon dioxide and argon must play a very 
minor part in the composition of the air. Even at the surface of 
the earth they are present only in small proportions and they must 
decrease rapidly with elevation because of their great molecular 
weight. Similarly neon cannot be an important constituent of 
the atmosphere at any height. There are only traces of it present 
at the ground, and it is much heavier than helium. Chapman 
and Milne" have computed the pressure, density and composition 
of the atmosphere under various assumptions with regard to the 
height where the mixing ceases and diffusion equilibrium sets in. 
Table X shows the partial densities, the total density and the 


TABLE X. Partial densities in gr/cm* for diffusion level 20 km. and a constant 
temperature 219°K. after Chapman and Milne 


Height N2 Ar Kr Xe 


20 km. | 6.64°10-° 2.04°10-° 1.14°10-* 2.46 °10-§ 4.40°10-° 


60 km. 1.71°10-7 2.24°10-* 2.33°10-1° 3.47°10-! 


100 km. | 2.68°10-"! 5.30°10~'4 1.38°10-*8 


140 km. 3.48°10-"4 1.34°10-"" 


200 km. 2.65°10—"* 1.90°10-"* 6.42°10-*8 


Height Ne He Total density! Pressure 
7.57°10- | 4.92°10-" | 8.79°10-° | 55.3 mbar 
1.03°10-" | 2.10-10-" | 1.93°10-7 1.24°10— 

1.49°10-% | 9.10°10- | 5.08°10— | 3.63°10-4 
2.26°10- | 3.97°10- | 5.41°10— 1.91°10-* 


| 2.31°10-" 2.31°10-"4 1.05°10-7 


| 
| 
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total pressure for various heights up to 400 km. on the assumption 
that diffusion equilibrium begins at 20 km. It should be remem- 
bered that these figures are no more reliable than the assumptions 
upon which they are based, especially the height of the diffusion 
level. This height may be very much higher, as will be discussed 
later. Therefore, Table X is merely intended to show by a theo- 
retical example how the lighter gases become more and more pre- 
ponderant as we come into higher altitudes. Thus, up to 100 km. 
the total density is essentially the sum of the partial densities of 
nitrogen and oxygen, and above this level helium becomes rapidly 
the most important constituent of the air. Table XI shows this 
in a somewhat different way by giving the percentages in mass of 
the principal atmospheric gases. It is seen also from this table 
that above 100 km. helium increases rapidly in importance while 


TABLE XI. Mass percentages of the principal atmospheric gases for a diffusion 
level of 20 km., after Chapman and Milne 


Height | Helium | Nitrogen | Oxygen Argon 
20 km. veal | 75.5 | 23.2 1.3 
40 km. | 82.9 | 16.7 4 
60 km. 0.0 88.3 | 11.6 1 
80km. | 92.0 | 7.9 0.0 
100 km. 1.7 93.0 5.3 
| 

110 km. 6.1 | 41 

120 km. 18.4 78.7 2.9 

130km. | 44.2 54.2 1.6 
40km. 73.4 26.0 6 

150 km. 90.5 | 9.3 2 

200 km. 100.0 | 0.0 0.0 


82 B. Haurwitz 


the percentage of oxygen decreases more rapidly than that of 
nitrogen owing to its higher molecular weight. The amount of 
the other constituents never exceeds .05%, with the exception of 
carbon dioxide which, however, cannot be important at higher 
levels on account of its weight. 

Chapman and Milne have shown also that up to 100 km. total 
pressure and density are not greatly influenced by the height at 
which diffusion begins, but above this altitude the height of the 
diffusion levels becomes of primary importance. In a similar 
manner, the presence of hydrogen would greatly alter all computed 
figures in these heights while it is of little importance below 80 km. 

Attempts have been made to compute the height at which 
diffusion equilibrium begins. Maris'® studied the time required 
for diffusion equilibrium to be reached in a completely mixed 
atmosphere when the mixing stops suddenly. Equilibrium for 
helium, for instance, would set in above 140 km. in one day, above 
120 km. in five days and above 106 km. in fifty days. On the 
other hand, Maris estimates from observations on meteor trains 
that the wind at these levels would cause the air above 100 km. 
to move to lower altitudes once in five to twenty-five days. From 
such considerations he finds the height of the diffusion level to be 
between 105 and 120 km. for the different gases in winter, at 
around 110 km. during the summer night and at around 150 km. 
during the summer day. These figures which naturally can only 
be a rough approximation show that the diffusion level might be 
at much greater heights than was previously assumed. 

Computations by Epstein"* point in the same direction. -He 
found that the helium concentration would be 50% higher 
than in the state of complete mixing 


at the height 200 180 160 140 120 100 km. 
after the time 2 min. 26 min. 4.8hr. 2.8dys. 34dys. 1.2 yr. 


The fundamental assumptions of Epstein’s calculations are quite 
different from Maris’s. Nevertheless, it is seen from his figures that 
at 100 km. more than a year would be required to increase the 
helium content by 50% over the amount present in the case of 
complete mixing. 
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We have not yet mentioned in this summarizing survey the 
presence of ozone in the atmosphere. This gas is present, however, 
only in small quantities and, notwithstanding its great influence 
upon atmospheric absorption and emission, ozone cannot have 
an important direct effect upon the vertical density and pressure 
distribution in the atmosphere. With the rather high molecular 
weight of 48 it could not diffuse to greater heights than where it 
is generated so that for this reason alone it will not be important 
in greater altitudes. Since, however, ozone is a powerful absorber 
of short-wave solar radiation it influences the vertical pressure 
and density distribution indirectly by raising the temperature of 
the atmosphere. 

Another possibility which should not be overlooked in a dis- 
cussion of the composition of the atmosphere is the presence of 
atomic oxygen in the higher layers (cf. p. 32). In this case the 
percentage of oxygen in these layers would be higher than with 
diatomic oxygen owing to its smaller molecular weight of 16. 

Thus we finally obtain the following picture of our atmosphere. 
The lowest 10 km., approximately, constitute the troposphere 
(Ch. 1). Here, the atmospheric gases are thoroughly mixed, the 
temperature generally decreases with the elevation at the rate of 
about 5 to 6° C. per 1 km. and water vapour is present in varying 
quantities which are sufficiently large to condense frequently into 
clouds which give precipitation. Above the troposphere we have 
the stratosphere, characterized by the fact that there is in general 
no temperature change or there may even be a slight increase of 
the temperature upward. This being a much more stable stratifi- 
cation than in the troposphere, the stirring and mixing of the 
atmospheric gases must be greatly diminished, as is borne out by 
Paneth and Gliickauf’s observation" that the percentage of the 
helium increases at about 20 km. It is, however, not to be ex- 
pected that mixing stops completely at this level. The observa- 
tions of meteor trains show that turbulence reaches much higher 
up. Also, theoretical investigations show that, owing to the 
slowness with which diffusion equilibrium takes place, due to the 
rearrangement of the gases by diffusion, an appreciable approach 
towards the state of diffusion equilibrium is not to be expected 
below 100 km. 
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In general, clouds are not observed in the stratosphere. Clouds 
have appeared, however, at altitudes between 20 and 30 km. on 
rare occasions, i.e., the mother-of-pearl clouds (Ch. II). The 
nature of these phenomena is not yet known, but it is not contrary 
to the present state of our information to regard them as con- 
densation products of water vapour, like the tropospheric clouds. 
The noctilucent clouds, observed at heights of about 80 km., seem 
to be of an entirely different origin. They probably consist of 
meteoric dust which enters the atmosphere at certain times and 
which is high enough to be illuminated by the sun even during the 
night. 


Ozone is already present in appreciable amount at a height of 
20 km. (Ch. VIII). It greatly influences the balance of atmos- 
pheric heat. The observations of the anomalous propagation of 
sound (Ch. IX) indicate a marked temperature increase between 
30 and 40 km. which can be attributed to the presence of ozone 
there. Besides ozone monatomic and diatomic oxygen also might 
contribute to the rise in temperature at these levels, according to 
Chapman". Above the layers of maximum ozone content the 
percentage of atomic oxygen must increase’. Diatomic oxygen 
and ozone are split into atomic oxygen by solar radiation. The 
formation of diatomic oxygen and ozone, on the other hand, takes 
place as three-body collision and, evidently, the chance for a three- 
body collision decreases as the atmosphere becomes rarer. A. K. 
Das''® has estimated that at the levels between 100 and 200 km. 
atomic oxygen might produce temperatures between 1400° and 
2900°K. in daytime and between 650° to 1400°K. during the night. 
These figures should be regarded as very hypothetical, since our 
knowledge regarding the amount of atomic oxygen and its absorbing 
power at these altitudes is still very incomplete. 


There are, however, other indications that the atmosphere at 
these altitudes reaches very high temperatures and undergoes con- 
siderable temperature changes from day to night. The high altitude 
of the aurora in the sunlit atmosphere indicates a much greater 
density during the day than during the night, which is most easily 
interpreted as caused by a diurnal variation of temperature (cf. p. 
399, Dec.). Similarly, a considerable heating of the ionized F»-layer 
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is suggested by the absence of an ionization maximum at noon and 
in summer (cf. p. 356, Nov.). 

A characteristic feature of the high atmospheric layers is their 
electric charge as evidenced by magnetic storms, aurorae (Ch. VII) 
and reflection and refraction of radio waves (Ch. V). Aurorae and 
magnetic storms are due to particles emitted by the sun. The 
nature of these particles is not quite clear yet but at least some of 
them seem to be electrons. The main part of the electric charge 
of the high atmosphere, however, is due not to particles coming 
from the sun but to ionization of the atmospheric gases caused 
by ultra-violet sunlight. The motion of the ionized layer, under 
the influence of tidal forces, in the magnetic field of the earth gives 
rise to the daily variations of the terrestrial magnetism (Ch. VI). 
The study of this ionized layer by means of the reflection and re- 
fraction of radio waves (Ch. V) has revealed a rather complex and 
varying subdivision into different layers. 

The upper atmosphere emits a faint light (Ch. IV). Spectro- 
scopic analysis has shown the presence of lines of oxygen, nitrogen 
and water vapour in this radiation, but the absence of lines of 
other gases cannot be regarded as sufficient proof that such gases 
are not present in the high atmosphere. 
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METEOR NEWS 


Observations relating to meteors and meteorites are cordially invited. 


A CALL FOR VOLUNTEERS TO OBSERVE TELESCOPIC METEORS 


A programme for international co-operation in the observation 
of telescopic meteors has recently been announced by the Sternberg 
Astronomical Institute of the University of Moscow. The obser- 
vation of such meteors is very important in the discussion of almost 
all the major problems confronting the astronomer in the field of 
meteoric research and especially in connection with our estimates 
of the total mass of meteoric matter existing in interstellar space. 
The present programme is under the immediate direction of the 
Comet and Meteor Section of the Sternberg Institute. The chair- 
man of this section is Dr. S. Orlov; the secretary, Dr. I. Astapo- 
witsch. The latter has already carried out a fairly extensive inves- 
tigation of telescopic meteors and so is well qualified to plan obser- 
vational programmes for the future. 

The writer would like to point out to members of the Society 
that this programme offers an excellent opportunity for those with 
small telescopes or prism binoculars to co-operate in some really 
worth-while astronomical research. Observations sent in to this 
department of the JOURNAL will be forwarded to Moscow where the 
combined results from all countries will be published. This effort 
to learn more about the very faint meteors has the full support of 
the International Astronomical Union and it would be a fine thing 
if a number of really active observers could be found in Canada. 

The instructions for observers will be found below, and should 
any questions arise the writer will be glad to attempt to answer 
them. The most efficient type of telescope to use in this work is 
one with an aperture between 2 and 6 inches, equipped with a very 
low power and having a wide field of view, such as the modern comet 
seeker. Lacking such a telescope one might use a good pair of 
prism binoculars equipped with a firm mounting. Observations 
should be made from 11.00 p.m. to 1.00 a.m. local mean time on any 
or all of the nights listed, with the telescope centered on the region 
or star indicated in the following table. The average number of 
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telescopic meteors to be expected in one observing period is from 
2 to 5 and reports of all observations carried out should be sent in 
whether meteors are seen or not. This last point is particularly 
important. 


NIGHTS FOR TELESCOPIC METEOR OBSERVATION 
(International Programme for 1937) 


Date (1937) Regions A| Date (1937) Regions B 

Jan. 12/13.... Zenith | Jan. 13/14...... a 7b 20™ 6+28° 
Feb. 11/12.... “ Feb. 12/13...... oLeo 9 35 +10 
Mor. Mar. 12/13...... TLeo 11 20 +4 
Apr. 19/20.... > Apr. 20/21...... «kLyr 18 15 +36 
May 10/11....“ May 11/12...... 15 25 -17 
June 8/9..... June 9/10...... EOph —21 
July 8/9..... . July 9/10...... dSag 19 10 —19 
Aug. 9/10.... Aue, 10/T1...... nPer 2 40 +55 
Sent. G/7..... oAqu 22 25 —12 
Oct. 8/9..... Oct. G/20...::. nAri 2 05 +21 
Nov. 15/16.... Nev. wAri 2 40 +17 
Dec. 10/11.... Dee, 33/94... 7™Gem 7 40 +34 


The following information should be listed on the record sheets: 
Observer’s name— 
Observing station—latitude, longitude, altitude. 
Instrument—aperture, magnification, diameter of field. 
Time of observation—beginning, end, interruptions. 
Weather conditions, etc.— 
Data concerning each meteor: 

—time to nearest 0.1 min. 

-—maximum brightness compared with naked eye stars to nearest 
0.5 mag. 

—length of path or parts of this observed, in minutes of arc. 

—duration, estimated to nearest 0.1 sec. if possible. 

—direction of flight, given as position angle counted from north 
through east up to 360 deg. when observing regions A; 
given by plotting the meteor trail on a chart of the stars 
visible in the field when observing regions B. 

—remarks concerning colour, train duration and any other inter- 
esting details. 
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OBSERVATIONS OF THE LEONOIDs IN 1936 

Visual and photographic observations of the 1936 Leonid shower 
were planned in Ontario for the nights near the maximum, but very 
poor weather conditions at this time resulted in meagre reports from 
the various stations. The groups which were able to make some 
observations are listed below. 


LEONID OBSERVATION Groups, 1936 

1. Dunlap Observatory, Richmond Hill, Ont.: A. Adamson, V. L. 
Davis, M. Dudley, H. H. Footit, T. A. Goulding, P. M. 
Millman, C. Pearce. 

2. Dominion Observatory, Ottawa, Ont.: 
Lennan, M. M. Thomson. 

3. London, Ont.: J. C. Higgins, Prof. H. R. Kingston, J. Middle- 
brook. 

4. Orillia, Ont.: Jack Grant. 

The number of meteors observed at the various stations will be 
found in Table I. The last column in this table gives the hourly 
rate reduced to six observers. The most reliable rate is that for the 
50 minutes of clear sky at the Dunlap Observatory. At Ottawa and 


F. Beasley, W. D. Mc- 


TABLE I 
Average Meteors Reduced 
Group Date EST. number of observed | hourly rates 
observers L NL] L NL 
Nov. 16-17 | 2.10-3.00 4 ll 20 | 15 27 
3.00-4.30 3 10* 5 | 14* 7 
Nov. 16-17 2° 2 
17-18 | 3.10-4.30 1 7 2 | 20 6 
ere Nov. 16-17 | 12.50-1.50 2 1 4 
2.15-3.15 2 2 5 
Re Nov. 15-18 2° 1 
35 39 
*Clouds 
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Orillia the visual observers had to look after cameras for the greater 
part of the time and so could only plot occasional meteors. As far 
as can be judged from the scanty data in Table I the Leonids at their 
1936 maximum were not much more than half as numerous as in the 
last three years (see Meteor News for January, 1936). It is inter- 
esting to note that, during the last five years, the frequency of 
Leonids appearing over a day away from the time of maximum has 
not varied appreciably. The major part of the variation in rates 
has been on the maximum night. 

Photographic observations were carried out at most of the above 
stations but no meteors were photographed. The equipment used 
was the same as that employed for the Perseid observations which 
were reported last month except that in this case rotating shutters 
were used at both Ottawa and Richmond Hill. The total number 
of hours exposed is listed in Table II, some clouds being present 


TABLE II 
| 
Total 
Station Date Exposure 
Spectrophotography 
Nov. 16-17 4.3 hrs. 
Direct Photography 
Nov. 16-17 1.8 


during approximately half the time the cameras were used. Mr. 
Grant in Orillia had the best luck with the weather as he was able 
to make exposures on three nights. 

Judging from the results of the Leonid observations of the past 
few years we are now apparently well past the time when excessive 
numbers of Leonids are a possibility. Thanks are due those who 
did what they could in carrying out a study of the Leonids in spite 
of adverse weather conditions. 


P. M. M. 
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REVIEW OF PUBLICATIONS 


The Moon with Naked Eye and Field Glasses, by Calvin N. 
Joyner. 135 pp. 71410% inches, Tientsin, Oriental Bookstore, 
1936. Price postpaid, $2.00 (Canadian). 

The author, a diligent amateur working in China with a twelve- 
inch reflector, has prepared this book to serve as an introduction to 
the study of the topography of the moon. The book may be con- 
sidered as consisting of three fairly distinct parts: (1) eleven photo- 
graphs, with key charts, of the moon at various phases, (2) half a 
dozen very brief descriptive chapters dealing with the appearance 
of some of the most notable objects, and (3) a large folding lunar 
map, with a catalogue of 300 of the most striking lunar formations. 

The photographs were made by the author, and are printed re- 
versed, so as to correspond to the appearance of the moon to the 
unaided eye, in field glasses or in a terrestrial telescope. There is a 
considerable variation in the quality of these plates, apparently partly 
attributable to the process of reproduction. The text is concerned 
with description of the features, and omits or only briefly mentions 
many of the modern researches and ideas as to the nature and 
origin of the different types of markings. The author’s hypothetical 
traveller to the moon apparently has some difficulty in keeping his 
orientation correct. 

Undoubtedly the most useful part of the book is the table of 
lunar formations, which gives, as well as the position on the map, 
the nature and size of each feature. Most of this material is based on 
Goodacre’s work. The 30-inch map is unnecessarily large for a map 
showing such a small number of details. A map a few inches across, 
printed on cardboard, would seem to be much more useful for an 
observer wishing to identify lunar formations. 

The author is to be congratulated on his systematic study of the 
moon’s features, and the freedom of his work from serious errors. 
The book should fulfil its purpose as “‘a guide book for casual visitors 
to the moon.” 

F. S. H. 
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NOTES AND QUERIES 


Cc icati are invited, especially from The Editor 
will try to secure answers to queries. 


Wuat KInpb or UNIVERSE 1s IT? 


On January 5, in Washington, Dr. E. P. Hubble of the Mount 
Wilson Observatory lectured on “Our Sample of the Universe,” 
and gave the results of studies with the 100-inch refractor, by means 
of which the observable portion of our universe is stated to be a 
sphere with a radius of 400 million light-years. An outline of the 
lecture is given by Science Service, as follows: 

Studies so far made seem to present a choice of two kinds of universe: 
(1) a small expanding universe which is finite in extent but unbounded, and 
(2) a universe indefinitely large that is not expanding appreciably but which 
contains some unknown principle of nature. The explanation chosen to account 
for the observed reddening of the light from the most distant nebulae fixes 
the choice of these two alternate points of view. If the reddening, or so-called 
red-shift, is considered due to the expansion of the universe, then a curvature 
in space has to be brought into the picture to account for the observed density 
distribution. Otherwise the density of distribution would increase outward 
systematically in all directions and our own stellar system would be left in a 
unique position. At the present time, the curvature is positive and very large, 
so that if the red-shifts measure expansion, then the universe is finite in size 
and very small. In fact the present radius of spatial curvature would be just 
less than the present penetrating power of the 100-inch reflector. 

Of the alternate concept of the size of the universe, Dr. Hubble indicated 
that if the red-shift is not due to expansion but to some yet unknown principle 
of nature which does not involve actual motion, then the true distribution of 
nebulae is sensibly uniform. And since the observable region is homogeneous, 
the universe, presumably, is so vastly greater than the observed sample that 
no positive inferences can be drawn. Thus a choice is offered between a small 
expanding universe and a universe of immense but unknown dimensions plus 
a new principle of nature. It is possible that the theory (the expanding uni- 
verse postulated by Abbé Lemaitre) may be generalized to include new models. 
Otherwise, the probabilities, at the moment, seem to favour the greater universe, 
although a definite choice will doubtless await more powerful methods or still 
greater telescopes. 


A Wortp Famous JOURNAL 


It was in 1895 that George E. Hale and James E. Keeler founded 
The Astrophysical Journal, which is just beginning its 85th volume. 
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From its first issue, this magazine has been produced in superior 
style and it has possessed a certain austere dignity. It is almost 
indispensable to the working astronomer. The editors are just start- 
ing the publication of a series of authoritative monographs on 
astronomical subjects and incidentally they would like to increase the 
number of their subscribers. The following announcement is pub- 
lished with pleasure: 

The Editors of The Astrophysical Journal wish to announce the beginning 
of a new series of Astrophysical Monographs which will form a gradually 
expanding library of modern astrophysics. Each monograph will be an ex- 
haustive summary of a limited field of knowledge intended not only as a refer- 
ence volume for investigators but also as a manual for teachers and advanced 
students. The first two monographs will be issued early in 1937: The Masses 
of the Stars by Professor Henry Norris Russell, of Princeton University, and 
Methods and Results of Statistical Investigations Concerning Stellar Distribu- 
tion by Professor Bart J. Bok of Harvard University. Arrangements are 
under way for a monograph on the spectra of variable stars by ‘Dr. P. W. 
Merrill of the Mount Wilson Observatory. Other issues will contain summar- 
izing articles on the formation of absorption lines in stellar spectra, interstellar 
absorption, problems of stellar constitution and evolution, galactic star clusters, 
double stars, fundamental stellar photometry, etc. The University of Chicago 
Press (5750 Ellis Avenue, Chicago, Illinois), which is publishing the mono- 
graphs on a non-profit basis, wishes to make them available to individual 
workers and is therefore inviting advance subscriptions on one of three plans: 
A. To new subscribers to the Astrophysical Journal: half a year’s subscription 
to The Astrophysical Journal, plus two monographs, for $5.00. B. To old or 
new yearly subscribers to The Astrophysical Journal who order the mono- 
graphs separately: $1.75 for each of the two monographs. C. To non-sub- 
scribers who order only the monographs: $2.00 each. The final published price 
of the two monographs will be $2.50 each. 


A CATALOGUE OF SIMPLE INSTRUMENTS 


Recently there arrived a 16-page catalogue of “simple, practical, 
inexpensive instruments” designed and constructed by Rev. W. G. 
Colgrove, M.A., 2 Christie St., London, Ont., which amateurs and 
instructors will find interesting. Mr. Colgrove has devoted much 
thought and has shown much ingenuity in the production of these 
models, which will assist in supplying a clear idea of various celestial 
phenomena. 


C.A.C. 
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MEETINGS OF THE SOCIETY 


AT VICTORIA 

October 26, 1936—A regular meeting was held in the Y.W.C.A. lecture 
hall. President Tingley occupied the chair. The following were elected to 
membership: W. A. Thorn, B.Sc., Dr. J. A. Correll, and Kenneth O. Wright, 
M.A. (Transferred to Victoria Centre). 

Mr. J. R. Kerry gave a short talk on some personal experiences with the 
so-called “death ray” and referred to instances of its use at the present time. 
Mr. Kerry speculated on the possibility of its being used in the future for 
astronomical purposes. : 

Mr. Robert Peters, vice-president of the Centre, was then called upon 
for his address on “Sir William Herschel, the Father of Astrophysics”. After 
introducing his remarks by tributes to Herschel’s father and sister Caroline, 
Mr. Peters described Sir William Herschel’s early manhood,—his study of 
music, playing the oboe and the violin; his becoming a soldier, joining the 
guards; and his mastery of several languages. Through his study of music 
and sound Herschel was led to mathematics, thence to optics which brought 
his attention to the desirability of possessing a telescope. The price of 
purchase being prohibitory, he set to work on the construction of one. The 
speaker vividly portrayed Herschel’s industry,—how he turned his home into 
a veritable workshop and would rush home after playing at a concert to work 
on the grinding of his speculum and lenses. Herschel was the first to measure 
the height of lunar mountains. On the 13th of March, 1781, he discovered 
the planet Uranus. He at first thought it to be a comet, but it was a planet, 
the first to be discovered since the earliest written records of history. Herschel 
wanted to name the planet after King George, but at the suggestion of Bode, 
the name Uranus was finally accepted. Besides making about 80 large tele- 
scopes, one a forty-foot-long reflector, Herschel is credited with the discovery 
of 1,000 double stars, two satellites of Uranus, two of Saturn’s satellites and 
the cataloguing of about 5,000 star clusters and nebulae. He was the first to 
suggest that our sun was travelling towards a point in Hercules. In this he 
was yery nearly in agreement with the calculations of present day science. 
His theory that the moon was inhabited and possessed active volcanoes has 
been, of course, discredited. Herschel lived to the ripe old age of 82. 

November 16, 1936.—President Tingley was in the chair. Mr. H. A. 
Young was called upon for a short paper on an original theory of the moon’s 
rotation. 

In introducing Mr. W. A. Thorn, M.A., the speaker of the evening, the 
president recalled that Herschel was the first to suggest that simultaneous 
weather observations be made in various parts of the world and that Halley 
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made the first weather map, so that meteorology in its inception was closely 
allied with astronomy. “Charting Atmospheric Currents”, was Mr. Thorn’s 
subject. Using about fifty photographic slides, the majority of which were 
charts of air currents, Mr. Thorn showed the connection between meteorology 
and astronomy. He spoke of the problem of measuring the sun’s radiation 
and the mysterious cosmic rays coming from all directions in space; the 
various ice-ages and climatic changes, for the explanation of which the 
astronomer must be consulted; the popular notion of the moon’s effect on the 
weather, in which connection the speaker said that only a very slight tidal 
effect was due to the moon, but too insignificant to be responsible for the 
farmer’s troubles. 

Atmospheric currents were likened to a great thermal engine. The 
general circulation of the air in the upper levels was pictured, Mr. Thorn 
telling how information concerning this had been gained through the release 
of small balloons. He also discussed monsoons, the origin of fogs, and the 
shielding effect of the Rocky Mountains on the western part of British 
Columbia, which, because of the mountain barrier, was protected from the cold 
flow of air from the Yukon and northern Alberta. 

Gorpon SHAw, Secretary. 


THE SUMMER COURSE AT VICTORIA 

The various centres of our Society throughout Canada may be interested 
to know of the Victoria Centre’s experience with a Summer Course in 
Astronomy. Inaugurated several summers ago by Mr. H. Boyd Brydon with 
some half-dozen members, the interest has grown yearly until this last summer. 
The 1936 course was advertised in the newspapers and over the radio as “A 
Series of Summer Evenings with the Stars’, and brought in many new 
recruits to the ranks of amateur astronomy. Seven weekly meetings were 
held with six lectures as follows: 

July 13, Dr. R. M. Petrie, Summer Stars and How to Know Them. 

July 20, Miss PuHorse Rippite, B.A., The Moon’s Story. 

Aug. 3, Rospert Peters, Jupiter and His Satellites. 

Aug. 10, James Durr, M.A., Comets and Shooting Stars. 

Aug. 17, Witt1aAM R. Hopspay, Solar and Lunar Eclipses. 

Aug. 24, Dr. A. McKetiar, The Milky Way. 

On July 27, the group was taken by chartered buses to the Dominion 
Astrophysical Observatory, where through the kindness of Dr. W. E. Harper, 
Director, an opportunity to view the heavens through the 72-inch reflector 
was enjoyed. 

The weekly lectures, which were held at Victoria College, on a high point 
in the city, were purposely made as simple as possible and were limited to 45 
minutes. After the lecture several groups were formed outdoors around 
telescopes (mostly made by amateurs) and were shown interesting objects 
such as Jupiter, the moon, double stars, clusters, and nebulae. Added interest 
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on under Dr. Millman’s supervision. Besides the taking of actual observations, 
the care and adjustment of the instruments takes considerable time. 

The regular business of the meeting was postponed until the following meeting, 
the remainder of the evening being spent inspecting the observatory. The meas- 
uring room was open and a exhibit of meteor trails, cameras, and spectra was on 
display in the computing room. The 19-inch in the south dome of the Adminis- 
tration Building and also the 74-inch were set on Saturn, while a 44-inch refractor 
on the lawn was used to view several interesting objects. The evening ended 
with refreshments. 


November 3, 1936.—The regular meeting was held in the McLennan Labor- 
atory, University of Toronto, Mr. E. J. A. Kennedy, vice-chairman, in the chair. 
The following were elected members: 


Mr. S. K. Dalzell, Toronto Miss M. M. Melrose, Windsor 
Mr. Adam F. Smith, Toronto Mr. Donald A. MacRae, Toronto 
Mr. Neil McNabb, Aston Mr. W. Inrig, Toronto 

Mr. O. Kilburn, St. Thomas Col. W. E. Phillips, Oshawa 


Mr. J. C. Mabee, Gananoque 


The assistant librarian gave a report of the periodicals received during the 
month of October and read a list of the recent popular books which could be 
obtained at the meeting. 

Dr. P. M. Millman, of the David Dunlap Observatory, gave the paper of 
the evening. It was on ‘‘Some Recent Advances in our Knowledge of Shooting 
Stars’, and was mainly a review of the meteor programme carried out at Flag- 
staff, Arizona, under the guidance of Dr. E. Opik, of Tartu, Esthonia, and Dr. 
S. L. Boothroyd of Cornell University. The two years’ programme yielded data 
for 22,000 different meteors, from which it is hoped that definite statistical values 
of the direction and magnitudes of the motions of meteoric matter can be ob- 
tained; perhaps, also, something may be learned of their cosmical origin. 

All visual observations were made through reticules at the ends of a 22-mile 
base-line. Speeds were obtained by using a rocking mirror and a telescope. 
From results obtained so far, it has been found that the number of meteors 
belonging to the solar system is considerably fewer than was formerly conceived. 
Also from the determination of heights, information has been gleaned that is 
definitely inconsistent with that theory which demanded a hydrogen atmosphere 
at great heights. 

A discussion followed the lecture. The Society regretted to hear that Mr. 
Maybee was ill, but hoped that his recovery would be so rapid that the position 
of treasurer need only be filled temporarily by some one else. 

The position of the phenomena in the HANDBOOK was pointed out, and atten- 
tion was drawn to the conjunction of Venus and Jupiter on Friday, November 13. 


F. PATTERSON, Recorder. 
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The Royal Astronomical Society of Canada 
OFFICERS FOR 1936 


Honorary President—Tue Hon. LEONARD Simpson, M.D., Minister of Education for the 
Province of Ontario. 


} President—R. E. DeLury, M.A., Pu.D., Otta 
First Vice-President—Wwm. Fixptay, Pu. D., Ont. 
Second Vice-President—J. A. PEARCE, M.A., Pu.D., Victoria, B.C. 
General Secretary—E. J. A. KENNEDY. 
General Treasurer—J. H. HorRNING, M.A., Toronto. 
Recorder—E. J. A. KENNEDY, Toronto. 
Librarian—P. M. Pu.D. 
Curator—R. S. DUNCAN, Toronto. 
Council—D. S. AInsiiz, M.A., Pu.D., Toronto; F. Napier Denison, Victoria, B.C.; Miss 
A. Visert Douctas, Pu. a. Montreal; E. A. Hopcson, M.A., Pu.D., Ottawa; Dr. G. R. 
Macee, London, Ont.; J. Epw. MAYBEE, Toronto; S M. MiLLMAN, Pu.D., Toronto; 
A. THOMSON, M.A., Toronto; Joun SaTTERLY, M.A., D.Sc., Toronto; L. A. H. WARREN, 
M. Pu.D., Winnipeg; and Past "FREDERIC STUPART; C. A. CHANT, 
P A. T. DeLury, M.A.; L. D.T.S.: J. S. PLaskett, D.Sc., 
A. F. MIvver,; J. R. W. JACKSON, R. M. Stewart, 
A. F. Hunter, M.A M.A:; H. R. Kincston, M.A., Ph.D., 
K. Youne, M.A., Ph.D.: M.A., Ph.D. and the presiding officer of each 


TORONTO CENTRE 
Honorary Chairman—Dr. C. A. CHANT 
Chairman—A. R. Hassarp, K. Vice-Chairman—E. J. A. KENNEDY 
Secretary—S. C. Snows. 22 Kings Lynn Rd., Kingsway, Toronto, Ont. 
Recorder—Miss F. PATTERSON Treasurer—J. E. MAYBEB 
Council—Dnr. D. S. yp Dr.L Gitcurist; F. L. Harvey; Dr. F. S. Hocc; J. H. HoRNING; 


ASON; Dr. P. M. rey Rev. C. H. Suortt; Dr. R. K. Younc; and the Past 
Chairmen—A. F. Miller; A. F. Hunter, and J. R. Collins. 


OTTAWA CENTRE 
Honorary President—R. GLENN MADILL President—A. H. MILLER 
First Vice-President—J. McLrisu Vice-President—Miss M. S. BURLAND 
Secretary—M. M. THomson, Dominion Opeerves ory Treasurer—A. W. GRANT 
Council—Dr. A. WILLARD TuRNER; Dr. E. A. W. F. Matvey; W. J. Sykes; 
BuckTHOUGHT; and all Past Presidents 


MONTREAL CENTRE 

Honorary President—Mor. C. P. CHoQUETTE President—Geo. R. LIGHTHALL 

First Vice-President—Dnr. C. Second Vice-President—F. De KINDER 

Secretary-Treasurer—Dr. A. V. Dewese. Physics Building, McGill University 

Council—Dr. A. N. SHAW; Cox. W. try G. HarPER HALL; Dr. L. V. KiNG; Dr. C. C. 
BrrcHarpD; O. A. FERRIER; H. FY “HALL; E . R. PATERSON; J. A. REID 


LONDON CENTRE 
Honorary President—Dr. H. President—Major E. H. ANUNDSON 


Vice-President—D. M. HEN Treasurer—Dr. H. S. WISMER 
Secretary—Dr. G. R. William St. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 


This Society was incorporated in 1890 under the name of The Astronomical ae 
and Physical Society of Toronto, and assumed its present name in 1903. a] 

The Society has active Centres in Montreal, P.Q.; Ottawa, Toronto, Hamilton, : 
and London, Ont.; Winnipeg, Man.; Edmonton, Alta.; Vancouver and Victoria, = 
B.C. 

The Society publishes a monthly JoURNAL containing each year about 500 - 
pages and a yearly OBSERVER’S HANDBOOK of about 80 pages. Single copies of 
JOURNAL or HANDBOOK are 25 cents. 

Membership is open to anyone interested in astronomy. Annual dues, $2.00. 
life membership, $25.00. Publications are free to members, or may be subscribed 
for separately. Apply to the General Secretary, 198 College St., Toronto, or to 
the local secretary of a Centre. ais 


Extract from the By-Laws: Candidates who are elected to membership will be & 
attached to a particular Centre, or to a section known as Members at Large. 3 
Members of the Society who live outside of Canada, or in a province in which : ; 
there is no Centre of the Society will be considered Members at Large and not ef 
attached to any particular Centre, unless these members are expressly nominated re 
for membership and attachment to a particular Centre. Members may be 
transferred from one Centre to another, or to the section Members at Large by the 
Council of the Society if written application for such transfer is made by such 
member to the Council. 


The Society has for Sale: 
General Index to the TRANSACTIONS of the R.A.S.C., 1890-1905, and the 
JouRNAL, Vols. 1 to 25, 1907-31. 


Compiled by W. E. Harper, Assistant Director, Dominion Astrophysical 
Observatory, Victoria, B.C. 


Pages, 122; Price, $1.00, postage 5c. extra. 


New Materials for the History of Man—The Festival of the Dead, by 
R. G. Haliburton. 


This is a research into the Year of the Pleiades, first published at Halifax 
N.S., in 1863; reprinted by the R.A.S.C. in 1920. 


Pages, 126; Price, $1.00, postage 5c. extra. 


Send Money Order to 198 College St., Toronto. 
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